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COMPOSITION FOR TREATING OCULAR
HYPEREMIA AND A METHOD FOR

TREATING OCULAR HYPEREMIA WITH
THE SAME

This application 1s the National Stage Application of

PCT/US2019/033692, filed on May 23, 2019, which claims
priority to U.S. Provisional Application No. 62/676,437,
filed on May 25, 2018, which 1s mncorporated by reference
for all purposes as 1f tully set forth herein.

FIELD OF THE INVENTION

The present invention relates to a composition for treating,
ocular hyperemia and a method for treating ocular hyper-
emia with the same, more specifically, a composition includ-
ing a combination of an anti-angiogenesis agent and an o
adrenergic receptor agomst for treating ocular hyperemia
and a method for treating ocular hyperemia with the same.

BACKGROUND OF THE INVENTION

Hyperemia

Hyperemia (redness) 1s a condition caused by abnormali-
ties associated with the blood vessels at affected locations,
often on the eye or skin. Excess vessel growth and increased
vascularity 1s one of the major causes. In addition, abnormal
vessel dilation or leakage often lead to hyperemia. Many
diseases and conditions, such as inflammation, can induce
hyperemia.
Treatment of Hyperemia

Hyperemia can be reduced by treating the underlying
causes, for example, using antibiotics to treat acute bacterial
conjunctivitis. Hyperemia can also be treated by modulating
the abnormalities associated with blood vessels at the
aflected area.

There 1s a need for an effective and safe treatment for
hyperemia, particularly ocular hyperemia, due to the sensi-
tive nature of eyes.

SUMMARY OF THE INVENTION

In one embodiment, the present invention provides a
composition for use 1n the treatment of ocular hyperemia.
The composition includes an anti-angiogenic agent and an o
adrenergic receptor agonist.

In another embodiment, the anti-angiogenic agent 1s a

multi-kinase inhibitor (MKI) that inhibits one or more
selected from the group consisting of Vascular Endothelial

Growth Factor Receptors (VEGEFR) 1, 2, and 3 and Platelet-
derived Growth Factor Receptor (PDGFR) o, 3 and Lyn.

In another embodiment, the MKI 1s selected {from the
group consisting of afatinib, amuvatinib, axitinib, cabozan-
tinib, canertimib, cediranib, ceritinib, crenolamb, crizotinib,
dabratenib, dacomitinib, dasatinib, erlotinib, foretinib, gefi-
tinib, golvatinib, ibrutinib, i1cotinib, 1delalisib, 1matinib,
lapatinib, lenvatimib, linifanib, motesanib, neratinib, nilo-
tinib, nintedanib, palbociclib, pazopanib, ponatinib, quizar-
tinib, regorafenib, ruxolitimb, soratemb, sunitinib, tandu-
tinitb, ftivantinib, tivozanib, trametinib, vandetanib,
vatalanib, and vemurafenib; and the MKI 1s preferably
nintedanib or axitimb.

In another embodiment, the anti-angiogenic agent 1s a
biological agent that binds to VEGF to block the signal
transduction of VEGF.
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In another embodiment, the biological agent 1s selected
from the group consisting of bevacizumab, ranibizumab,
ramucirumab, aflibercept, and conbercept.

In another embodiment, the o adrenergic receptor agonist
1s selected from the group consisting of naphazoline, tetra-
hydrozoline, oxymetazoline, methoxamine, phenylephrine,
xylometazoline, oxedrine, Apraclonidine, mivaZerol, cloni-
dine, brimonidine, alpha methyl dopa, guanfacine, dex-
emeditomidine, (+)-(5)-4-1-(2,3-dimethyl-phenyl)-ethyl-1,
3-dihydro-imidazole-2-thione, 1 -(1m1dazolidin-2-yl)
iminolindazole, methoxamine, phenylephrine, tizanidine,
xylazine, guanabenz, and amitraz.

In another embodiment, the o adrenergic receptor agonist
1s an o2-adrenergic receptor agonist that 1s selective for
a.2-adrenergic receptors.

In another embodiment, the a.2-adrenergic receptor ago-
nist 1s selected from the group consisting of brimonidine,
apraclonidine, mivaZerol, clomidine, alpha methyl dopa,
guanfacine, dexemeditomidine, (+)-(S)-4-1-(2,3-dimethyl-
phenyl)-ethyl-1,3-dihydro-imidazole-2-thione, 1-(1midazo-
lidin-2-yl)iminolindazole, methoxamine, phenylephrine,
tizanidine, xylazine, guanabenz, and amitraz; and the
a.2-adrenergic receptor agonist 1s preferably brimonidine.

In another embodiment, the composition includes
0.001%-1% mintedanib and 0.001%-1% brimonidine; pret-
erably 0.01%-0.5% nintedanib and 0.01%-0.5% brimoni-
dine; preferably 0.1%-0.3% nintedanib and 0.01%-0.05%
brimonidine; more preferably 0.2% nintedanib and 0.025%
brimonidine.

In another embodiment, the composition further includes
one or more pharmaceutically acceptable excipients selected
from stabilizers, surfactants, polymer base carriers, gelling
agents, organic co-solvents, pH active components, osmotic
active components and with or without preservatives.

In another embodiment, the composition 1s a topical
ocular formulation, an ointment, a gel, a sustained release
semi-solid formulation, a sustained release solid formulation
or an ocular implant; and the topical ocular formulation 1s
preferably an aqueous solution, a suspension, or an emul-
S1011.

In another embodiment, the sustained release semi-solid
formulation, the sustained release solid formulation or the
ocular implant comprises a biodegradable polymer selected
from the group consisting of polylactic acid (PLA), poly
lactic-co-glycolic acid (PLGA) and polylactic acid poly
lactic-co-glycolic acid copolymers.

In one embodiment, the present immvention provides a
method for treating ocular hyperemia for a patient. The
method includes inhibiting a plurality of kinase receptors of
the patient with an MKI; and activating o adrenergic recep-

tor of the patient. The kinase receptors are selected from the
group consisting of VEGFR 1, 2, and 3, and PDGFR a, B,

and Lyn, and preferably VEGFRI1, 2, or 3.

In another embodiment, the MKI 1s selected from the
group consisting of afatinib, amuvatinib, axitinib, cabozan-
timb, canertinib, cediranib, ceritinib, crenolanb, crizotinib,
dabratenib, dacomitinib, dasatinib, erlotinib, foretimb, gefi-
tinib, golvatinib, ibrutinmib, i1cotimib, 1delalisib, 1matinib,
lapatinib, lenvatinib, linifanib, motesanib, neratinib, nilo-
tinib, nintedanib, palbociclib, pazopamb, ponatinib, quizar-
timb, regorafenib, ruxolitimb, sorafenib, sunitinib, tandu-
timb, tivantinib, tivozanib, trametinib, vandetanib,
vatalanib, and vemurafenib; and the anti-angiogenic agent 1s
preferably nintedanib or axitimib; and activating the
a.-adrenergic receptor comprises administering an o adren-
ergic receptor agonist selected from the group consisting of
naphazoline, tetrahydrozoline, oxymetazoline, methoxam-
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ine, phenylephrine, xylometazoline, oxedrine, Apracloni-
dine, mivaZerol, clonidine, brimomdine, alpha methyl dopa,
guanfacine, dexemeditomidine, (+)-(S)-4-1-(2,3-dimethyl-
phenyl)-ethyl-1,3-dihydro-imidazole-2-thione, 1-(imidazo-
lidin-2-yl)iminolindazole, methoxamine, phenylephrine,
tizanidine, Xylazine, guanabenz, and amitraz; and the
a.-adrenergic receptor agonist 1s preferably brimonidine.

In another embodiment, the anti-angiogenic agent and the
a.-adrenergic receptor agonist are admimistered to an affected
eye 1n the form of a topical ocular formulation, an omtment,
a gel, a sustained release semi-solid formulation, a sustained
release solid formulation or an ocular implant.

In another embodiment, the sustained release semi-solid
formulation, the sustained release solid formulation, or the
ocular implant 1s 1njected 1nto the aflected eye.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE

DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, 1llustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 shows the treatment of ocular hyperemia with an
anti-angiogenic agent, an o adrenergic receptor agonist, and
a combination of an anti-angiogenic agent and an o adren-
ergic receptor agonist (combo).

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

Reference will now be made 1n detail to embodiments of
the present invention, example of which 1s illustrated.

Anti-angiogenesis drugs and o-adrenergic receptors ago-
nists are two types of agents known to affect blood vessels
through different mechanisms.

Anti-angiogenic agents can have profound eflects on
blood vessel growth and can be used to reduce neovascu-
larization and hyperemia. The anti-VEGF antibody ranibi-
zumab 1nhibits vessel leakage, endothelial cell proliferation
and new vessel formation. Anti-VEGF agents can also be
used to reduce inflammation-induced redness (Peyman
2007). The VEGF signaling pathway can be blocked by
targeting either the growth factor, VEGF or its receptors,
VEGFRs. For example, 1n a rabbit corneal vascularization
models, both an anti-VEGF antibody and a small molecule
MKI against VEGFRSs substantially reduced vascularity and
hyperemia in the eye (Perez-Santonja et al. 2010; Ko et al.
2013; N1 2017). In a pterygium model, an MKI against
V. JGFRS substantially reduced pteryglum associated vascu-
larity and hyperemia (N1 2017). Anti-angiogenic agents that
mdlrectly inhibit the VEGF signaling should also have the
same ellects on ocular hyperemia.

Vasocounstrictors, such as Naphazoline, can counter vessel
dilation and thus reduce hyperemia (Cronau et al. 2010).
Topical a-adrenergic receptor agonists such as brimonidine
1s used to reduce persistent facial redness in rosacea by
constricting dermal blood vessels (Graeber et al. 2013). For
hyperemia that doesn’t have prominent vessel dilation as a
factor, a-adrenergic receptor agonists can face the problem
of rebound hyperemia when the redness exceeds the pre-
treatment levels due to loss of drug effects (Horn 2010;
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Torkildsen et al. 2018). For example, one of the major side
cllects of the brimonidine formulation for glaucoma 1is
hyperemia (Cantor 2006). One potential way to counter the
rebound hyperemia problem 1s to use very low doses of o2
selective agonists (Horn 2010; Torkildsen et al. 2018). The
cellect of a-adrenergic receptor agonists on hyperemia 1is
acute, with immediate onset of eflect upon drug exposure
and rapid loss of eflect when drug 1s depleted.

The present invention provides a composition for use in
the treatment of ocular hyperemia. The composition
includes an anti-angiogenic agent and an o adrenergic
receptor agonist. The anti-angiogenic agent can be an MKI
that inhibits VEGFR 1, 2, and/or 3.

The MKI can be, for example, afatimb, amuvatinib,
axitinib, cabozantinib, canertinib, cediranib, ceritinib, cre-
nolanib, crizotinib, dabratenib, dacomitinib, dasatinib, erlo-
timb, foretinib, gefitinib, golvatinib, ibrutinib, 1cotinib,
idelalisib, 1matinib, lapatinib, lenvatimib, limifanib, mote-
sanib, neratimb, nilotinib, nintedanib, palbociclib,
pazopanib, ponatinib, quizartinib, regorafenib, ruxolitinib,
sorafenib, sunitinib, tandutinib, tivantinib, tivozanib, tram-
etinib, vandetanib, vatalanib, or vemuraienib; and the MKI
1s preferably nintedanib or axitinib.

Y\
O
Nintedanib

The chemical name of nintedanib 1s (Z)-3-(1-(4-(IN-({(4-
methyl-piperazin-1-yl)-methylcarbonyl)-N-methyl-amino)-
phenylamino)-1-phenyl-methylene]-6-methoxycarbonyl-2-
indolinone.

/N""--NH
N ‘)\ ‘/\
N/ NN N
L

Axitinib

The chemical name of axitinib 1s N-methyl-2-[[3-[(E)-2-
pyridin-2-ylethenyl]-1H-indazol-6-yl|sulfanyl]benzamide.

The anti-angiogenic agent can also a biological agent that
binds to VEGF to block the signal transduction of VEGF.
The biological agent can be, for example, bevacizumab,
ranibizumab, ramucirumab, atlibercept, or conbercept.
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The o adrenergic receptor agonist can be naphazoline,
tetrahydrozoline, oxymetazoline, methoxamine, phenyleph-
rine, xylometazoline, oxedrine, Apraclonidine, mivaZerol,
clonidine, brimonidine, alpha methyl dopa, guanfacine, dex-
emeditomidine, (+)-(S)-4-1-(2,3-dimethyl-phenyl)-ethyl-1,
3-dihydro-imidazole-2-thione, 1-(1midazolidin-2-yl)imino-
lindazole, methoxamine, phenylephrine, tizanidine,
xylazine, guanabenz, or amitraz.

The o adrenergic receptor agonist can also be a a.2-adren-
ergic receptor agomst that 1s selective for a2-adrenergic
receptors. The a2-adrenergic receptor agonist can be for
example, brimonidine, apraclonidine, mivaZerol, clonidine,
alpha methyl dopa, guanfacine, dexemeditomidine, (+)-(S)-
4-1-(2,3-dimethyl-phenyl)-ethyl-1,3-dihydro-imidazole-2-
thione, 1-(1midazolidin-2-yljminolindazole, methoxamine,
phenylephrine, tizanidine, xylazine, guanabenz, or amitraz;
and the a2-adrenergic receptor agonist 1s preferably bri-
monidine

Br
g N
N N
\N/ s N
brimonidine

The chemical name of brimonidine 1s (5-Bromoquinoxa-
lin-6-y1)-(4,5-dihydro-1H-1midazol-2-yl)-amine.

Methods of formulating suitable pharmaceutical compo-
sitions are known in the art, see, e¢.g., Remington: The
Science and Practice of Pharmacy, 21st ed., 2005; and the
books 1n the series Drugs and the Pharmaceutical Sciences:
a Series of Textbooks and Monographs (Dekker, NY). For
example, solutions, suspensions, creams, ointments, Gels,
gel-forming liquid, suspension contaiming liposomes or
micelles, spray formulation, or emulsions used for ophthal-
mic application can include the following components: a
sterile diluent such as water for mjection, saline solution,
fixed oils, polyethylene glycols, glycerin, propylene glycol
or other synthetic solvents; antibacterial agents; antioxi-
dants; chelating agents; bullers such as acetates, citrates or
phosphates and agents for the adjustment of tonicity such as
sodium chloride or dextrose. The pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydrox-
ide.

Pharmaceutical compositions suitable for injectable use
can include sterile aqueous solutions (where water soluble)
or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. It
should be stable under the conditions of manufacture and
storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyetheylene glycol, and the
like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size 1n
the case of dispersion and by the use of surfactants. Pre-
vention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. In many cases, 1t will be preferable to include
1sotonic agents, for example, sugars, polyalcohols such as
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mannitol, sorbitol, and sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be
brought about by including 1n the composition an agent that
delays absorption, for example, aluminum monostearate and
gelatin.

A topical ocular formulation 1s a solution, a suspension,
creams, ointments, gels, gel-forming liquid, suspension con-
tamning liposomes or micelles, spray formulation, or an
emulsion. In some cases, the topical ocular formulation also
includes one or more pharmaceutically acceptable excipi-
ents selected from stabilizers, surfactants, polymer base
carriers, gelling agents, organic co-solvents, pH active com-
ponents, osmotic active components and with or without
preservatives. In some cases, the sustained release semi-
solid formulation, sustained release solid formulation or
ocular implant 1s injected into the aflected eve. In some
embodiments, the sustained release semi-solid formulation,
sustained release solid formulation or ocular implant further
comprises a pharmaceutically acceptable excipient. In some
cases, the sustained release semi-solid formulation, sus-
tained release solid formulation or ocular implant includes a
multikinase inhibitor, the antimetabolite, or combination
thereof; and a biodegradable polymer selected from poly-
lactic acid (PLA), poly lactic-co-glycolic acid (PLGA) and
polylactic acid poly lactic-co-glycolic acid copolymers.

The composition for use 1n the treatment of ocular hyper-
emia can be an aqueous solution, a suspension, an emulsion
or others. The composition can include 0.001%-1% (by

weight based on the total weight of the composition) nint-
edanib and 0.001%-1% brimonidine; preferably 0.01%-

0.5% mnintedanib and 0.01%-0.5% brimomdine; preferably
0.1%-0.3% nintedanib and 0.01%-0.05% brimonidine; more
preferably 0.2% nintedamb and 0.023% brimonidine.

As used herein, “an emulsion” 1s a translucent to trans-
parent composition having a droplet size of 0.005 to 0.5 um,
thermodynamically stable and generally self emulsifying,
and “a suspension” 1s a coarse dispersion in which internal
phase (active ingredient) 1s dispersed uniformly throughout
the external phase.

The present invention also provides a method for treating
ocular hyperemia for a patient. The method includes both
inhibiting VEGFR 1, 2, or 3 of the patient; and activating o
adrenergic receptor of the patient.

VEGFR 1, 2, or 3 can be inhibited by administering an
anti-angiogenic agent. The anti-angiogenic agent can be
afatinib, amuvatinib, axitinib, cabozantinib, canertinib, cedi-
ranib, ceritinib, crenolanib, crizotimib, dabrafenib, dacomi-
timb, dasatinib, erlotinib, foretinib, gefitinib, golvatinib,
ibrutinib, 1cotinib, 1delalisib, imatinib, lapatimib, lenvatinib,
linifanib, motesamb, neratinib, nilotinib, nintedanib, palbo-
ciclib, pazopanmib, ponatimb, quizartinib, regorafenib, rux-
olitinib, soratenib, sunitinib, tandutinib, tivantinib, tivoza-
nib, trametinib, vandetanib, vatalanib, and vemuratenib; and
the anti-angiogenic agent 1s preferably nintedanib.

The a-adrenergic receptor can be activated by adminis-
tering an o adrenergic receptor agonist. The a adrenergic
receptor agonist can be brimonidine, apraclonidine, mivaZe-
rol, clonidine, alpha methyl dopa, guantacine, dexemedito-
midine, (+)-(S)-4-1-(2,3-dimethyl-phenyl)-ethyl-1,3-di1-
hydro-imidazole-2-thione, 1 -(1m1dazolidin-2-yl)
iminolindazole, methoxamine, phenylephrine, tizanidine,
xylazine, gunanabenz, or amitraz; and the o-adrenergic recep-
tor agonist 1s preferably brimonidine.

As shown 1n FIG. 1, when an ocular hyperemia patient 1s
treated with an anti-angiogenic agent alone, vascularity and
vessel leakage are reduced. When an ocular hyperemia
patient 1s treated with an o-adrenergic receptor agonist
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alone, dilation 1s reduced. When an ocular hyperemia patient
1s treated with combo of an anti-angiogenic agent and an
a.-adrenergic receptor agonist, there are synergistic or addi-
tive effects on hyperemia.

Example 1: Synthesis of (Z)-3-(1-(4-(N-((4-methyl-
piperazin-1-yl)-methylcarbonyl)-N-methyl-amino)-
phenylamino)-1-phenyl-methylene]-6-methoxycar-

bonyl-2-indolinone (nintedanib)

7)-3-(1-(4-(N-((4-methyl-piperazin-1-yl)-methylcarbo-
nyl)-N-methyl-amino)-phenylamino)-1-phenyl-methylene]-
6-methoxycarbonyl-2-indolinone 1s prepared by the method

of synthesizing compound 473 described in PCT application
publication no. WO 01/27081 Al.

Example 2: Synthesis of (5-Bromoquinoxalin-6-yl)-
(4,5-dihydro-1H-1midazol-2-yl)-amine (brimoni-
dine)

6-amino-5-bromoquinoxaline hydrobromide (10 g) 1s
added to thiophosgene (3 ml) and distilled water (150 ml)
while stirring. The mixture 1s reacted for two hours at room
temperature and the resultant precipitate 1s filtered, washed
with water, and drnied to give 5-bromo-6-1sothiocyanato-
quinoxaline (3.6 g).

S-bromo-6-1sothiocyanato-quinoxaline 1s dissolved 1n
benzene (400 ml) and added drop-wise to a solution of
cthylene diamine (15 g) i benzene (350 ml). The mixture 1s
stirred for two hours, and an o1l substrate separates as a
lower layer. The upper benzene layer 1s discarded, and the
o1l 1s washed with diethyl ether and dissolved in methanol
(500 ml). The methanol solution 1s refluxed to remove
hydrogen sulfide. The methanol solution 1s then concen-
trated to a volume of about 100 ml, and a yellow solid then
precipitates. The precipitate 1s collected by filtration and

recrystallized from methanol to obtain (5-Bromo-quinoxa-
lin-6-y1)-(4,5-dihydro-1H-1midazol-2-yl)-amine.

Example 3: Formulations

Vehicle emulsion formulation: this formulation contains
the following inactive ingredients: hydroxypropyl guar, xan-
tham gum, and trehalose or additional sugar molecules and
derivatives.

0.2% Nintedanib emulsion formulation: this formulation
contains 0.2% by weight nintedanib as active ingredient and
the following 1nactive ingredients: hydroxypropyl guar, xan-
tham gum, and trehalose or additional sugar molecules and
derivatives.

0.025% brimonidine emulsion formulation: this formula-
tion contains 0.025% by weight brimonidine as active ingre-
dient and the following mactive ingredients: hydroxypropyl
guar, Xantham gum, and trehalose or additional sugar mol-
ecules and derivatives.

0.2% Nintedanib and 0.025% brimonidine emulsion for-
mulation (combo-1): this formulation contains 0.2% by
weight nintedanib and 0.025% brimonidine as active ingre-
dient and the following mactive ingredients: hydroxypropyl
guar, Xxantham gum, and trehalose or additional sugar mol-
ecules and denivatives.

0.1% Nintedanib and 0.015% brimonidine emulsion for-
mulation (combo-2): this formulation contains 0.1% by
welght nintedanib and 0.015% brimonidine as active ingre-
dient and the following mactive ingredients: hydroxypropyl
guar, Xxantham gum, and trehalose or additional sugar mol-
ecules and derivatives.
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Example 4: Ocular Hyperemia

Treatments

Ocular hyperemia patients with hyperemia grade >2 (0-4,
five-point scale; 0 being clear of hyperemia and 4 being of
severe hyperemia) are selected for treatment with 4 emul-
sion formulations. Each group has about 20 patients. The
patients are assigned to the groups 1n a way to make sure the
base line average grade 1s similar among the groups. The
formulations are dosed twice a day (BID) for 2 weeks and
the patients are further followed up for 4 weeks. The
formulations are administered topically by a physician on
the day of visits or by the patient between visits. Patients are
evaluated on day 1, week 1, and 2, before and after dosing.
After the stop of dosing, patients are further followed up at

and 6 weeks.
Endpoints

The eflect on ocular hyperemia 1s evaluated by taking
pictures of the eye. The hyperemia 1s graded by an inde-
pendent grader who does not know the treatments recerved
by the eyes. The tolerability of the formulations 1s also
evaluated with standard eye examinations commonly used
for such assessment. The eflicacy and tolerability data are
analyzed by independent statisticians.
Results

For the vehicle group, the hyperemia grade had no sig-
nificant changes from the baseline at any of the visits. For
the nintedanib group, comparing to the baseline, the hyper-
emia grade did not change sigmificantly on day 1. It was
reduced about 1 grade at week 1 and 2. The grade reduction
remained significant for 2 additional weeks after the stop of
dosing For the brimonidine group, the hyperemia grade
reduced immediately after dosing on day 1, week 1 and 2.
The eflect lasts about 2-4 hours at each of the visits. After
stop of treatments, at week 4 and 6, the grade 1s the same as
the baseline. For the combo group, the day 1 drug effect on
hyperemia was similar to that of the brimonidine group on
day 1 but the reduction was more than the single groups at
weeks 1, 2, 4. A small but significant reduction of hyperemia
still maintained at week 6. The combo-2, with half of the
concentration, was still better than the single treatments. The
cllects on hyperemia grade are shown in Table 1 below.

No serious adverse eflects and unacceptable adverse
cllects are observed in any of the groups.

TABLE 1
Average Hyperemia Grade for Each Group
0.2% 0.025% Combo- Combo-

Vehicle Nintedanib Brimonidine 1 2
Day 1 before 3 3 3 3 3
Day 1 2 h post 3 3 2 2 2.5
Day 1 6 h post 3 3 3 3 3
Week 1 before 3 2 3 2 2
Week 1 2 h post 3 2 2 1.5 2
Week 2 before 3 2 3 1.5 2
Week 2 2 h post 3 2 2 1 1.5
Wee 4 3 2.5 3 2 2.5
Week 6 3 3 3 2.5 3

L1

Example 5: Nintedanib Effectively Reduced
Vascularity 1in Pterygium Patients

Pterygium 1s an ocular surface disease characterized with
abnormal fibrovascular tissue growth. Hyperemia due to
excess neovascularization 1s a prominent feature of the
disease.
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Nintedanib was formulated into an eye drop and tested 1n
pterygium patients 1n a Phase 2a clinical trial to evaluate the
safety and etlicacy of nintedanib. The key eflicacy endpoint
1s effects on pterygium vascularity.

The clinic trial was conducted 1n two stages. In stage 1,
the safety, tolerability and pharmacokinetics were evaluated
in a single dose escalating study. Three dose cohorts with 8
patients in each were evaluated. Cohort 1 began at the lowest
concentration of 0.02% nintedanib (weight percent based on

the total weight of the eye drop), followed by an increasing,
dose to 0.05% for Cohort 2 and then to 0.2% for Cohort 3.

No safety 1ssues were found at all doses so the highest dose
of 0.2% was chosen for stage 2.

In stage 2, the safety, tolerability and eflicacy of the 0.2%
formulation were evaluated in a randomized, double-
masked, vehicle-controlled, parallel study with 28 days TID
repeat ocular dosing of vehicle and 0.2% nintedanib. The
patients were further followed up by 20 weeks of post-
dosing observation. Ophthalmic and physical examinations
were performed at screening, Day 1 and Week 2, 4, 8, 16,

and 24. External photograph of the pterygium eye was taken
using a digital camera and the pterygium vascularity was
graded from these images at an independent 1mage reading
center. The primary objective 1s to evaluate ocular and
systemic safety ol nintedanib 1n pterygium patients that have
moderate to severe pterygium vascularity. The secondary
objective 1s to assess whether the formulation 1s eflicacious
in reducing pterygium vascularity.

A total of 50 patients were enrolled and randomized in a
1:1 treatment allocation to receive either mintedanib or
vehicle. The final analysis was performed after study
completion. The O’Brien-Fleming group-sequential method
was used for a multiple-comparison adjustment of p-values
for eflicacy. For the final analysis, a 2-sided test with p-value
=0.048 1s considered statistically significant for all between
and within treatment comparisons.

The safety and tolerability of the nintedanib formulation
was excellent with no serious adverse events and some
acceptable adverse events commonly associated with eye
drops. The eflect on pterygium vascularity was highly
significant by Week 2 and the effects maintained through
Week 16, 2 months after dosing had stopped. The results are
summarized i Table 2 that shows the mean grade difference
and the change from baseline diflerence between drug and
vehicle groups.

This example demonstrated the potent effect of nintedanib
on abnormal vascularity and hyperemia 1n pterygium
patients. It 1s expected that when the nintedanib formulation
1s replaced with the combo-1 and combo-2 formulations,
superior and synergistic eflects will be achieved on reducing
hyperemia in pterygium patients.

TABLE 2

Nintedanib Effectively Reduced Vascularity in Pterygium Patients

Nintedanib vs vehicle differences

Mean change

Mean grade from baseline
Differ- P Differ- P
ence value ence value
Day 1 (baseline) -0.15 0.492 NA NA
Week 2 —0.87 0.001 -0.72 0.0000
Week 4 (end of dosing) -0.91 0.0002 -0.76 0.0004
Week & -0.53 0.0143 -0.41 0.0084
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TABLE 2-continued

Nintedanib Effectivelv Reduced Vascularity in Ptervgium Patients

Nintedanib vs vehicle differences

Mean change
Mean grade from baseline
Difter- P Difter- P
ence value ence value
Week 16 -0.7 0.0017 —-(0.59 0.0006
Week 24 (end of study) -0.31 0.1153 -0.17 0.2661
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It will be apparent to those skilled 1n the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, 1t 1s mtended that the present invention
cover the modifications and variations of this mvention
provided they come within the scope of the appended claims
and their equivalents.

METHODS FOR
Us

What 1s claimed 1s:

1. A method for treating ocular hyperemia in a patient
comprising administering to an affected eye of the patient (a)
a multi-kinase inhibitor (MKI) that inhibits one or more
kinase receptors selected from Vascular Endothelial Growth
Factor Receptors (VEGFR) 1, 2, and 3, platelet-derived
growth factor receptors (PDGFR) a and 3, and Lyn, and (b)
an o adrenergic receptor agonist.

2. The method of claim 1, wherein the MKI 1s selected
from the group consisting of afatinib, amuvatinib, axitinib,
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cabozantinib, canertinib, cediranib, ceritinib, crenolanib,
crizotinib, dabratemib, dacomitinib, dasatinib, erlotinib,
foretinib, gefitinib, golvatinib, 1ibrutinib, 1cotinib, 1delalisib,
imatinib, lapatinib, lenvatinib, linifanib, motesamb, nera-
tinib, milotinib, nintedanib, palbociclib, pazopanib, pona-
tinib, quizartimb, regorafenib, ruxolitinib, soratenib, suni-
tinitb, tandutimib, tivantinib, tivozanib, trametinib,
vandetanib, vatalanib, and vemurafenib; and

wherein the o adrenergic receptor agonist 1s selected from

the group consisting of naphazoline, tetrahydrozoline,
oxymetazoline, methoxamine, phenylephrine, xylom-
ctazoline, oxedrine, Apraclonidine, mivaZerol, cloni-
dine, brimonidine, alpha methyl dopa, guanfacine, dex-
emeditomidine, (+)-(S)-4-1-(2,3-dimethyl-phenyl)-
cthyl-1,3-dihydro-imidazole-2-thione, 1-(1midazolidin-
2-yl)iminolindazole, methoxamine, phenylephrine,
tizanidine, xylazine, guanabenz, and amitraz.

3. The method of claim 1, wherein the MKI and the «
adrenergic receptor agonist are administered to the affected
cye 1n the form of a topical ocular formulation, an omntment,
a gel, a sustained release semi-solid formulation, a sustained
release solid formulation or an ocular implant.

4. The method of claim 3, wherein the sustained release
semi-solid formulation, the sustained release solid formula-
tion, or the ocular implant 1s injected into the aflected eye.

5. The method of claim 1, wherein the MKI 1s nintedanib
or axitinib.

6. The method of claam 1, wherein the o adrenergic
receptor agonist 1s brimonidine.

7. The method of claim 1, comprising administering a
composition comprising 0.001%-1% (w/w) nintedanib and
0.001%-1% (w/w) brimonidine.
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